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砥粒の分散性や流動性，また把持力に一長一短があ
る．MFの粒子安定性と流動性，MRFの粒子把持力
















































図 1 に MCF 研磨の加工原理を示す．厚み方向に
































ステージ耐荷重 100kg  
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表 1 新ユニット動作確認試験における実験条件 
Workpiece ZrO2 
Pemanent magnet 
Nd2Fe14B: B=0.495T, φ9×7 mm
Rotation radius: d = 2 mm 
Rotation speed: n1 = 1000 rpm
Aluminum plate Rotation speed: n2 = 1000 rpm
X-axis feed 
Stroke: 5mm 
Feed speed: 5mm/s 
Amount of MCF slurry supplied L = 0.2 ml 
Clearance Δ = 0.5, 0.7, 1.0 mm 
Polishing time T = 60 min 
 
表 2 スラリー粘度影響調査用 MCFスラリーの構成 
Abrasive: Diamond 
(Mean diameter: 1.0 m) 
12wt. % 
Carbonyl Iron powder: CS
(Mean diameter: 7.0 m)  
46.59 45 43.9 wt.% 
MF: WSG W11 41.41 40 39.1 wt.% 








MF（WSG W11）42.5wt.%，αセルロス 3wt. %といっ
た構成を持つ MCF スラリーを使用して表 1 の条件
で行った．はじめに加工間隙 Δ= 0.5 mmで実験を試
みたところ，MCFスラリーがワークと接触した際に





そこで Δ= 0.7 mmにして研磨を行ってみた．その
結果，MCFキャリアの回転が止まることなく，なお
かつ図 3のように，初期の研削痕が 40分研磨後に大




次に MCF スラリー構成成分中の α-セルロスの割
合（即ち MCF スラリーの粘度）の到達粗さへの影
響など新ユニットを用いた際の加工特性を調べた．
表 1 に MCF スラリーの成分構成を示す．実験条件
は，Δ= 0.7 mmにした以外に表 1の通りであった．







(a)研磨前(300.2nmRa) (b)40 分研磨後(13.6nmRa) 



















図 4 研磨時間に対する表面粗さの変化 
  
(a)研磨前(245.4nmRa) (b) 60分研磨後(3.8nmRa) 
図 5 ワークの 3D観察例 (α-セルロス 5 wt.%) 
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(a) ブラスト後    (b) MCF研磨後 
図 6 研磨前後の試料表面の SEM観察例 
 
 
図 7 Zygoによるワークの観察例 
(砥粒 0 wt.%，研磨時間 10分) 
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Investigation on Ultra-fine Polishing of Functional Hard–Brittle Materials with 
Magnetic Compound Fluid (MCF) Slurry 
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Zirconia (ZrO2) is a fine ceramic with excellent physical and chemical properties and is extensively used in industry. To further expand its 
applications, the surfaces of zirconia parts should be precisely polished with high efficiency as the final process in their fabrication. However, 
with conventional polishing techniques, achieving a high work-surface quality at a low cost is difficult. Therefore, in this study, a novel polishing 
method that employs magnetic compound fluid (MCF) slurry is proposed. An existing experimental rig was modified and used to investigate the 
fundamental polishing characteristics. The obtained results indicated that (1) the work surface with an original roughness of 300 nmRa was 
polished to a final roughness of less than 10 nmRa within 1 h; (2) higher MCF slurry concentrations led to a more rapid decrease in surface 
roughness. However, at high concentrations, craters with a depth of several nanometers were formed on the work surface, which led to difficulty 
in decreasing the roughness to less than 2 nmRa; and (3) the observed craters were caused by the dragging effect of large abrasive agglomerates.
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